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= (57) Abstract: The presentinventionprovides aplasma display panel

i
0

with an improved radiation efficiency and brightness bypreventing an

inefficientconsumption ofultra-violetrays. The plasma display panel

is characterized in that an uln^violet-emitting phosphorfilm, (10, 15*,

15, 16, 17) is formed on at least one of the black stripe layer (3), me

front dielectric layer (9), a protective MgO layer (4), the barrier ribs

(5) and the surfece or interface of the rear dielectric layer (7).
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PLASMA DISPLAY PANEL WITH IMPROVED RADIATION EFFICIENCY

AND BRIGHTNESS

BACKGROUND OF THE INVENTION

The present invention relates to a plasma display panel

5 (PDP), and more particularly to a plasma display panel which can

prevent an inefficient consumption of ultra-violet rays generated

during discharge of xenon (Xe) gas by forming a phosphor film

emitting ultraviolet rays of a short/long wavelength on a surface,

interior or interface of respective elements (black stripe(BS)

10 layers, dielectric layers, barrier ribs) disposed on a front

substrate or a rear substrate of the panel, or by containing

ultraviolet-emitting phosphor particles of a short/long wavelength

in the respective elements, thereby improving a light-emitting

efficiency and luminance of phosphor particles in a surface

15 discharge type plasma display panel.

Fig. 1 illustrates a schematic partial sectional view of

a conventional plasma display panel. As shown in Fig. 1, the

plasma display panel comprises a front substrate 1 and a rear

substrate 8 faced parallel to the front substrate 1 wherein the

20 front substrate is provided with a front electrode group
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consisting of X-sustain electrodes and Y-sustain electrodes as

transparent electrodes, a dielectric layer and a protective MgO

layer formed thereon. And the rear substrate 8 is provided with

address electrodes as data electrodes, a dielectric layer 7 and a

5 phosphor film 6 formed between barrier ribs 5.

In an illustrative method of driving the plasma display

panel, one frame is divided into six subframes and each subframe

is set to have different sustain periods. Then, a gray scale

display of an image screen is obtained by combining each subframe.

10 Each subframe has a reset period, an address period and a sustain

period. During the reset period, a write pulse is applied to the

X-sustain electrodes connected commonly to each other in order to

equalize or initialize discharge conditions of all cells of the

panel, thereby totally discharging all cells. A sustain pulse is

15 applied to Y-sustain electrodes in order to sustain the discharge

and then an erasure pulse is applied to the X-sustain electrodes

in order to erase wall charges accumulated on the dielectric

layer. During the address period, wall charges are accumulated on

the front dielectric layer 9 of cells to be displayed by applying

20 data pulses into the address electrodes in order to selectively



WO 01/39239 PCT/KR00/01339

address cells to be displayed depending on inputted image data and

sequentially applying a scan pulse into the Y-sustain electrodes.

Then, by applying alternately the sustain pulse to X-sustain

electrodes and Y-sustain electrodes, the cells which were

5 addressed during the address period (that is, having a wall charge

accumulated thereon) are discharged.

In a reset period and an address period in the course of

displaying one subframe as discussed above, the address electrodes

are maintained at the reference level, that is, a ground level,

10 equal to that of the X-sustain electrodes and Y-sustain

electrodes, as the result of which space charges and wall charges

may be generated, thereby to facilitate writing and erasure

operations necessary for discharging. Alternatively, in the

sustain period, the address electrodes may be maintained at a high

15 impedance, not at the ground level and, in this time, a voltage is

induced to the address electrodes by the space charges formed on

the electrode group in the front substrate. As a matter of

convenience, a floated address voltage is referred to as an

induced voltage. During the sustain discharge, the induced address

20 voltage to be maintained at the ground level may cause the
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instability of the sustain discharge. Therefore, in a surface

discharge structure of a plasma display panel, the induced sustain

voltage is typically maintained at the high impedance.

In the conventional surface discharge type AC-PDP as

5 discussed above, an ultraviolet ray which is generated during

discharge of Xe gas and has a peak wavelength of 147nm or 172nm,

,

etc., is emitted to the phosphor particles exposed directly to a

discharge space (X) so as to emit visible light. However, there

exists a disadvantage that only a small amount of the ultra-violet

10 ray serves to emit visible light from the phosphor particles,

while the remaining significant amount thereof is absorbed by the

elements in the front substrate and the rear substrate or passes

through them, resulting in an inefficient consumption of the

ultra-violet ray.

15 That is, as shown using arrows in Fig. 1, a small amount

of the ultra-violet ray (UV) emitted into the discharge space is

used to emit visible light from the R, G, B phosphor particles,

the remainer is inefficiently consumed as described above.

As an example for improving such a disadvantage,

20 Japanese patent laid-opened publication No. Hei

- 4 -
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9-263756(publication date of October 7, 1997) discloses a phosphor

and color plasma display panel, in which a phosphor film of R, G

and B phosphors is formed by mixing an ultraviolet emitting

phosphor having a long wavelength (200-400nm) under irradiation of

5 an ultraviolet ray having a peak wavelength of 147nm or 172nm (a

wavelength of 200nm or below) generated in a discharge space (X)

with visible-light-emitting phosphors (R, 6 and B). In accordance

with this technique, in order to improve a light emitting

efficiency of phosphor, an ultraviolet-emitting phosphor is

10 irradiated by an ultraviolet ray having a peak wavelength of 147nm

or 172nm generated from the discharge space (X) and then emits an

ultraviolet ray having a long wavelength of 200 - 400nm, exciting

more visible-light-emitting R, G and B phosphors. However, this

technique has a disadvantage that, because the

15 visible-light-emitting R, G and B phosphors are mixed with an

ultraviolet-emitting phosphor having a long wavelength, phosphor

particles emitting an ultraviolet ray having a long wavelength

(200-400nm) under irradiation of an ultraviolet ray having a peak

wavelength of 147nm or 172nm generated from the discharge space

20 (X) may prevent a light path of the ultraviolet ray having a peak
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wavelength of 147nm or 172nm which is directly effective under an

excitation of the visible-light-emitting R, G and B phosphors.

SUMMARY OF THE INVENTION

Accordingly, in order to the above discussed problems,

5 an object of the present invention is to provide a plasma display

panel which can prevent an inefficient consumption of an

ultraviolet ray generated during discharge of xenon (Xe) by

forming an ultraviolet-emitting phosphor film having a short/long

wavelength on an surface, interior or interface of respective

10 elements (black stripe (BS ) layers, dielectric layers , barrier

ribs) disposed on a front substrate or a rear substrate of the

panel or by^TOntajjiipg ultraviolet-emitting phosphor particles

having a short/long wavelength in the respective elements, thereby

improving a light-emitting efficiency and luminance of phosphor in

15 a surface discharge type plasma display panel.

In order to accomplish the object, in a plasma display

panel having an improved light-emitting and luminous efficiency in

accordance with a first embodiment of the present comprising a

front electrode group consisting of X-electrodes and Y-electrodes

20 formed on the rear surface of a front substrate; a black stripe
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layer formed on the exterior of the X-electrodes and Y-electrodes;

address electrodes formed on the interior surface of a rear

substrate faced parallel to the front substrate so as to form a

plurality of cells of discharge space at cross-points of the front

5 electrode group; a front dielectric layer and a rear dielectric

layer formed on the front electrode group and the address

electrodes, respectively; barrier ribs formed on the rear

dielectric layer at a predetermined spaced relationship and a

phosphor film formed on the rear dielectric layer between the

10 barrier ribs being characterized in that an ultraviolet-emitting

phosphor film is formed on at least one of the black stripe layer,

the front dielectric layer, a protective MgO layer, the barrier

ribs and the surface or interface of the rear dielectric layer.

Accordingly, by emitting ultraviolet rays again by the

15 inefficiently consumed ultraviolet rays from the discharge space,

it is possible to allow the visible-emitting R, G and B phosphors

to be excited more effectively, thereby improving the

light-emitting efficiency and luminance of the phosphors. In case

that the ultraviolet-emitting phosphor film was formed on the

20 surface of the barrier ribs, black barrier ribs may be formed on

- 7 -
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the ultraviolet-emitting phosphor film, wherein it is more

effective to construct the ultraviolet-emitting phosphor film as a

phosphor which emits an ultraviolet ray having a short/long

wavelength of 400nm or below when irradiated by a ultraviolet ray

5 having a short wavelength of 147nm or 172nm in its peak wavelength

generated from the discharge space.

Also, it is desirable to form at least one of the black

stripe layer, the barrier ribs and the rear dielectric layer as a

mixed material with phosphor particles which emit an ultraviolet

10 ray having a short/long wavelength of 400nm or below when

irradiated by a ultraviolet- ray having a short wavelength of 147nm

or 172nm in its peak wavelength generated from the discharge

space.

BRIEF DESCRIPTION OF DRAWINGS

15 Fig. 1 is a cross sectional view schematically showing a

structure of a conventional plasma display panel.

Figs. 2a through 2c are cross sectional views showing in

detail a structure of a front substrate in accordance with

preferred embodiments of the present invention.

20 Fig. 3 is a cross sectional view showing in detail a
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structure of a front substrate in accordance with other embodiment

of the present invention.

Fig. 4 is a cross sectional view showing in detail a

structure of a rear substrate in accordance with a preferred

5 embodiment of the present invention.

Fig. 5 is a cross sectional view showing in detail a

structure of a rear substrate in accordance with other embodiment

of the present invention.

Fig. 6 is a cross sectional view showing in detail a

10 structure of a rear substrate in accordance with a still another

embodiment of the present invention.

Fig. 7 is a cross sectional view showing in detail a

structure of a rear substrate in accordance with a further

embodiment of the present invention.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now, preferred embodiments of the present invention will

be described in detail with reference to the accompanying

drawings.

Figs. 2a through 2c depict cross sectional views showing

20 in detail a structure of a front substrate in accordance with

- 9 -
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preferred embodiments of the present invention.

First, with respect to the technical construction and

operation of the present invention, as its principle, ultraviolet

rays having a peak wavelength of 147nm, 172nm, etc. , emitted

5 during discharging of Xe are absorbed thereby to be emitted as a

thermal energy, or outflown to the outside passing through the

elements, thus, such ultraviolet rays do not allow phosphor

particles to emit visible light. Therefore, in order to reuse such

inefficiently consumed ultraviolet rays, phosphor particles

10 (ultraviolet-emitting phosphor particles having a short/long

wavelength), which emits a short/long wavelength of 400nm or below

under irradiation of an ultraviolet ray having a short wavelength

of a peak wavelength of 147nm or 172nm generated from the

discharge space, are deposited on a surface, interior or interface

15 of the respective elements (black stripe layer, barrier ribs and

dielectric layer).

As a result, they absorb the ultraviolet ray emitted

during discharge of Xenon (Xe) gas and emit ultraviolet rays

having a short/long wavelength which allow visible light-emitting

20 phosphors(R, G, B) to further emit visible light.

- 10 -
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Materials of the phosphor emitting the short/long

wavelength include SrAlizOi^Ce, BaSiizOs-Pb, (Sr,Zn)MgSi2(>7,

SrBiO^Eu, etc.

Such phosphor can be used as a printing paste and a

5 photosensitive paste by mixing it with a binder (EC-type,

acryl-type binder, etc.) and a solvent(BC, BCA, terpineol, etc.).

Now, with respect to a process of the present invention,

such a paste may be formed on the front substrate of the panel

after forming the black stripe using a printing technique, and on

10 each elements in the rear substrate of the panel after forming the

dielectric layer and the barrier ribs, respectively.

Alternatively, after formation of the barrier ribs, the paste may

be coated at the same time on both surfaces of the dielectric

layer and the barrier ribs using a printing technique.

15 In this time, its thickness may be equal to each other

as to R, G and B cells, or controlled for the purpose of a control

of color temperature. The thickness may be set to be ranged from

several submicron to 20fm.

Also, a phosphor having a short/long wavelength may be

20 doped on the interior of the barrier ribs or dielectric layer by
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mixing the phosphor with the paste of the black stripe, barrier

ribs or dielectric layer.

A completed structure of the front and rear substrate

fabricated using such a process is shown in detail in Figs. 2a

5 through 7.

As shown in Figs. 2a through 2c, ultraviolet-emitting

phosphor film 10 is formed directly on the black stripe layer 3,

between the front dielectric layer 9 above the black stripe layer

3 and the protective MgO layer 4 or on the protective MgO layer 4

10 above the black stripe layer 3 using a printing or a

photosensitive processing technique. It is desirable that the

ultraviolet-emitting phosphor film 10 is formed by the

ultraviolet-emitting phosphor having a short/long wavelength

described above.

15 in Fig. 3, there is formed a mixed black stripe layer 3

doped uniformly into the interior of the black stripe layer by

mixing a black stripe with ultraviolet-emitting phosphors having a

short/long wavelength. In this case, the mixed black stripe layer

3 may be formed using a printing or photosensitive processing

20 technique.

- 12 -
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Also, as shown in Fig. 4, after forming a rear

dielectric layer 7 of the rear substrate 8, an

ultraviolet-emitting phosphor film 17 is formed using a printing

or photosensitive processing technique. Then, after forming the

5 barrier ribs, an ultraviolet-emitting film 15 is formed.

As shown in Fig. 5, the ultraviolet-emitting film 15 is

formed only between each of the barrier ribs 5, instead of the

lower surface of the barrier ribs 5. Herein, the

ultraviolet-emitting film 15 may be formed after forming the rear

10 dielectric layer 7 and the barrier ribs 5.

In addition, as shown in Fig. 6, a mixed rear dielectric

layer 7' and mixed barrier ribs 5' are formed on the rear

substrate 8 by means of the mixed paste obtained by mixing a paste

for coating the rear dielectric layer 7, barrier ribs 5 and the

15 phosphor film 6 with ultraviolet-emitting phosphors having

short/long wavelength using a printing or photosensitive

processing technique. Alternatively, as described in Fig. 5, the

mixed rear dielectric layer 7' and mixed barrier ribs 5' may be

formed by doping the dielectric layer 7, barrier ribs 5 and

20 phosphor film 6 and then penetrating the ultraviolet-emitting

- 13 -



WO 01/39239 PCT/KR00/01339

phosphors therethrough.

In Fig 7, after forming white barrier ribs 5, an

ultraviolet-emitting phosphor film 15' is formed around the

barrier ribs 5 using a printing or photosensitive processing

5 technique. Black barrier ribs 5" is then formed.

In the thickness, the above ultraviolet film 10, 15',

15, 15, 17 may be formed to have different thickness depending on

R, G and B phosphor cells. When mixed with the paste, the content

of the ultraviolet-emitting phosphor may be mixed different

10 depending on R, G and B phosphor cells. Also, although not

illustrated, a combination of Figs. 2a through 7 may be formed.

Accordingly, in accordance with the present invention

having such construction, it is possible to reuse the ultraviolet

rays which have been consumed inefficiently due to the fact that a

15 small amount of the ultraviolet rays (having a peak wavelength of

147nm, 172nm, etc. ) generated from the discharge space in the

surface discharge type AC-PDP only excites the R, G and B

phosphors, while the remaining significant amounts thereof are

converted to a thermal energy or emitted directly to the outside

20 without being absorbing by the elements of the panel. That is, by

- 14 -
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forming an ultraviolet-emitting phosphor film having a short/long

wavelength on at least one of each surface, interior and interface

of elements (black stripe layer, barrier ribs, dielectric layer)

of cells, or by containing in the elements ultraviolet-emitting

5 phosphors having a short/long wavelength, the ultraviolet rays

having a short/long wavelength of 147nm, 172nm, etc. , can be

converted to ultraviolet rays having a short/long wavelength

region (400nm or below) which allows R, G and B phosphor emitting

visible light to be exited.

10 Consequently, such reuse of the ultraviolet rays

improves the light emitting efficiency and luminance of a visible

light-emitting phosphor.

In the construction and acting of the plasma display

panel having an improved emitting light and luminance in

15 accordance with preferred embodiments of the present invention, an

inefficient consumption of ultra-violet rays generated during

discharge of xenon (Xe) gas can be prevented by forming a phosphor

film emitting ultraviolet rays having a short/long wavelength on

each surface, interior or interface of elements including blade

20 stripes(BS) layer, dielectric layers, barrier ribs disposed on a

- 15 -
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front substrate or a rear substrate of the panel or by containing

phosphors emitting an ultraviolet rays having a short/long

wavelength in the interior of respective elements, thereby

resulting in an improvement of a light-emitting efficiency and

5 luminance of R, G and B phosphors which emit visible light.

- 16 -
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WHAT IS CLAIMED IS:

1. In a plasma display panel with an improved radiation

efficiency and brightness comprising a front electrode group

consisting of X-electrodes and Y-electrodes formed on the rear

5 surface of a front substrate; a black stripe layer formed on the

exterior of the X-electrodes and Y-electrodes; address electrodes

formed on the interior surface of a rear substrate faced parallel

to the front substrate so as to form a plurality of cells of

discharge space in a crossing region with the front electrode

10 group; a front dielectric layer and a rear dielectric layer formed

on the front electrode group and the address electrode,

respectively; barrier ribs formed on the rear dielectric layer and

at a predetermined spaced relationship; and a phosphor film formed

on the rear dielectric layer between the barrier ribs, said plasma

15 display panel being characterized in that an ultraviolet-emitting

phosphor film is formed on at least one of a surface or an

interface of the black stripe layer, the front dielectric layer, a

protective MgO layer, the barrier ribs and the rear dielectric

layer.

20 2. A plasma display panel with an improved radiation

- 17 -
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efficiency and brightness according to claim 1, wherein in case

the ultraviolet-emitting phosphor film is formed on the surface of

the barrier ribs, black barrier ribs are formed on the

ultraviolet-emitting phosphor film.

5 3. A plasma display panel with an improved radiation

efficiency and brightness according to claim 1, wherein the

ultraviolet-emitting phosphor film is made of ultraviolet-emitting

phosphors having a short/long wavelength of 400nm or below when

irradiated by ultraviolet rays having a short wavelength of 147nm,

10 172nm, etc., in its peak wavelength generated from the discharge

space.

4. In a plasma display panel with an improved radiation

efficiency and brightness comprising a front electrode group

consisting of X-electrodes and Y-electrodes formed on the rear

15 surface of a front substrate; a black stripe layer formed on the

exterior of the X-electrodes and Y-electrodes; address electrodes

formed on the interior surface of a rear substrate faced parallel

to the front substrate so as to form a plurality of cells of

discharge space in a crossing region with the front electrode

20 group; a front dielectric layer and a rear dielectric layer formed

- 18 -
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on the front electrode group and the address electrodes,

respectively; barrier ribs formed on the rear dielectric layer at

a predetermined spaced relationship and a phosphor film formed on

the rear dielectric layer between the barrier ribs, said plasma

5 display panel being characterized in that at least one of the

black stripe layer, the barrier ribs and the rear dielectric layer

is formed of a material mixed with a phosphor having a short/long

wavelength of 400nm or below when irradiated by a ultraviolet ray

having a short wavelength of 147nm, 172nm, etc. , in its peak

10 wavelength generated from the discharge space.

- 19 -
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